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Motivation : experimental data
[A. Di Pietro et al, Phys. Rev. Lett. 105 (2010) 022701]

Figure: Elastic scattering angular distributions on 64Zn : 9Be (red triangles), 10Be
(blue diamonds) and 11Be (black squares) at Ec.m. = 24.5 MeV.
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Motivation : importance of continuum
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Figure: Elastic cross section : 11Be + 64Zn (Ec.m. = 24.5 MeV). Data from [A. Di
Pietro et al, Phys. Rev. Lett. 105 (2010) 022701]
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Framework [G.H. Rawitscher, Phys. Rev. C 9 (1974) 2210]

CDCC ≡ Coupled Discretized Continuum Channel

Schrödinger's equation : HΨ(~R,~r) = EΨ(~R,~r)

Hamiltonian : H = H0 + TR + Vtc

(
~R + Af

Ap
~r
)

+ Vtf

(
~R − Ac

Ap
~r
)

Projectile model

H0Φl (~r) = εlΦl (~r)
H0 = Tr + Vcf (r)

Jacobi coordinates

~J =~l + ~L

~R,~L~r ,~l

Target

Projectile
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Projectile model : 10Be (core) + n (fragment)
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Principle of coupled channel method

Ψ(~R,~r) is expanded over the projectile wavefunctions

Ψ(~R,~r) =
∑
il

Φil (~r)χil (~R)︸ ︷︷ ︸
ε<0 (bound states)

+
∑
l

∫
Φ~kl(~r)χ~kl(

~R)d~k︸ ︷︷ ︸
ε>0 (continuum states)

and introduced into the Schrödinger's equation HΨ(~R,~r) = EΨ(~R,~r).
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Discretized continuum

Reminder : projectile

H0Φ~kl(~r) = εlΦ~kl(~r)

H0 = Tr + Vcf (r)

l ≡ projectile's angular momentum.

Discretization :
The bin method : de�nition

Φil (~r) :=
1√
∆i

∫ ki

ki−1

fil (k)Φ~kl(~r)dk

Breakup states are averaged with a weight function fil (k).

No resonance : fil (k) = 1 and εil =
~2(k2i +kiki−1+k2

i−1)
6µcf

Resonance : fil (k) =
∣∣∣ iΓ/2
ε(k)−εres+iΓ/2

∣∣∣ and εil = εres

Φ~kl(~r)→ Φilm(~r) = r−1φil (r)Ym
l (Ωr )
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Bin method : discretized continuum of 10Be + n
return
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Finite expansion (3-body)

ΨJMπ
CDCC(~R,~r) =

∑
il

Φil (~r)χil (~R)

=
1

rR

∑
lLi

u
Jπ
ilL (R)︸ ︷︷ ︸

to be determined

φil (r)Y JM
lL (ΩR ,Ωr )

HΨJMπ(~R,~r) = EΨJMπ(~R,~r) replaced by discrete �nite system of
equations.

{
− ~2

2µ

(
d2

dR2
− L(L + 1)

R2
+ εil − E

)}
u
Jπ
ilL (R) +

∑
i ′l′L′ 6=ilL

V
Jπ
ilL,i ′l′L′u

Jπ
i ′l′L′(R) = 0
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Potential matrix elements
The previous discrete �nite system was{
− ~2

2µ

(
d2

dR2
− L(L + 1)

R2
+ εil − E

)}
u
Jπ
ilL (R) +

∑
i ′l′L′ 6=ilL

V
Jπ
ilL,i ′l′L′u

Jπ
i ′l′L′(R) = 0

with the potential matrix elements

V
Jπ
ilL,i ′l′L′ =

〈
φil(r)Y JM

lL (ΩR ,Ωr ) |Vtc + Vtf |φi ′l′(r)Y JM
l′L′ (ΩR ,Ωr )

〉
.

With

i numerical integration over r

ii analytical integration over (ΩR ,Ωr )

iii system of coupled equations which depends on J and π

New tools to solve the system and to �nd uJπilL (R) ≡ uJπγ (R) :

R-matrix method and Lagrange mesh
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Principle : Space divided into two regions

-

6

R0

V

a

internal region : r ≤ a external region : r > a

Nuclear + Coulomb interactions

u
Jπ
γ,int(R) =

N∑
j=1

cjϕj(R)

ϕj(R) ≡ N basis functions

Coulomb interaction only

u
Jπ
γ,ext(R)→ Iγ′(KR)δγγ′ − U

Jπ
γγ′Oγγ′(KR)

Asymptotic behavior must be
ZpZte

2

R

Matching uJπγ,int(R) and uJπγ,ext(R) at R = a provides

i collision matrix UJπ
γγ′

ii coe�cients cj

And the collision matrix UJπ
γγ′ provides the cross sections (results independent

of a).
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Potential matrix elements V Jπ
ilL,i ′l ′L′(R) := Vcc ′(R)
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R-matrix formalism needs

Vcc ′(R) −→
R→∞

ZpZte
2

R
.

But long range Coulomb coupling.
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Potential matrix elements : Vcc ′(R)− ZpZte
2

R
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Numerical convergence : cuto� energy
go to bins
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Numerical convergence : channel radius
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To conclude

Importance of the breakup channels in the elastic cross section.

The resonant state has to be properly take into account.

Numerical convergence is still under examination.

Future work :

Inelastic and breakup cross sections of 11Be.

Analysis using a near-side/far-side decomposition [P. Capel et al,
Phys. Lett. B 693 (2010) 448].
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Thank you for your attention.
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